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REPORT BRIEF 

GULTON 6. o AMPERE-HOUR ADHYDRODE ~ C K E L  CADMIUM 

SECONDARY SPACECRAFT CELLS 

National  Aeronautics and Space Administration Purchase 
Order Number Wll,252B 
NASA ltr BRA’VBK/pad of 25 September 1961 w/BUWEPS f i r s t  
end F&-l:WSK of 2 October 1 9 6 1 t o  CO NAD Crane 
Prel iminary Work Statement f o r  B a t t e r y  Evaluation Program 
of 25 August 1961 

I. TEST ASSIGNMENT BRIEF. 

A .  I n  compliance with references ( a )  and (b) ,  eva lua t ion  of 
Gulton I n d u s t r i e s ,  Inc.  6.0 ampere-hour Adhydrode Secondary Spacecraf t  
Cells was begun according t o  the  program o u t l i n e  of reference ( e ) .  

B. The o b j e c t  of t h i s  evaluat ion program i s  t o  gather  s p e c i f i c  
information concerning secondary spacec ra f t  c e l l s .  Information 
concerning performance c h a r a c t e r i s t i c s  and l i m i t a t i o n s ,  including 
c y c l e  l i f e  under va r ious  e l e c t r i c a l  and environmental condi t ions,  
w i l l  be of i n t e r e s t  t o  power systems designers  and u s e r s .  C e l l  
weaknesses, including causes of f a i l u r e  of p re sen t  designs,  w i l l  be 
of i n t e r e s t  t o  s u p p l i e r s  a s  a guide t o  product improvement. 

C.  Twenty-five 6.0 ampere-hour c e l l s  were purchased fran 
Gulton I n d u s t r i e s ,  Inc. ,  Metuchen, New J e r s e y  by Nat ional  Aeronautics 
and  Space Adminis t ra t ion (NASA). These c e l l s  a r e  r a t e d  a t  6.0 ampere 
hours  by t h e  manufacturer and include t h e  adhydrcde o r  adso rp t ion  
hydrogen type  a u x i l i a r y  e l ec t rode .  

11. CONCLUSIONS. 

A .  From t h e  results of  t h i s  tes t ,  it can be concluded t h a t :  

1. The ceramic s e a l s  of t h e s e  c e l l s ,  manufactured by Gulton 
I n d u s t r i e s ,  Inc .  a r e  s a t i s f a c t o r y  a s  evidenced by no l e a k e r s  out of 
t h e  25 c e l l s  t e s t e d .  

2 .  The c a p a c i t i e s  of t he  c e l l s  were i n  t h e  accep tab le  range 
of  6.99 t o  7.41 ampere-hours. 

111. RECOMMENDATIONS. 

. 
A .  It is  recammended t h a t  t h e s e  Gulton I n d u s t r i e s ,  Inc.  6.0 ampere- 

hour  adhydrode c e l l s  be accepted on t h e  basis of t h e  acceptance t e s t  
r e s u l t s .  

i 
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RESULTS OF ACCEPTAlQCE TESTS 

OF 

6.0 AMPE13E-HOUR ADHYDRODE NICKEL CADMIUM 

SECONDARY SPACECRAFT CELLS 

MANUFACTURED BY 

GULTON INDUSTRIES, I N C .  

I. INTRODUCTION. 

A. On 17 January 1967, t h i s  a c t i v i t y  began acceptance t e s t s  
on twenty-five 6.0 ampere-hour c e l l s .  
on 31 January 1967. 

These tes ts  were completed 

II. TEST CONDITIONS. 

A.  All acceptance t e s t s  were performed a t  an ambient temperature 
between 23" C and 27" C a t  e x i s t i n g  re la t ive humidity and atmospheric 
p r e s s u r e  and cons i s t ed  of t h e  following: 

1. 

2 .  

3. 

4. 

5. 

6. 

7. 

8. 

Phenolphthalein Leak Test. 

Capacity T e s t .  

C e l l  Short  T e s t .  

Immersion Sea l  T e s t .  

Overcharge Test. 

I n t e r n a l  Resis tance Test of t h e  Adhydrode. 

I n t e r n a l  Resis tance Test of t h e  Ce l l .  

Immersion S e a l  T e s t .  

B. All charging and discharging was done a t  constant  cu r ren t  
(It5 p e r c e n t ) .  Cells were charged i n  series b u t  discharged ind iv idua l ly .  

111. CELL I D E N T I F I C A T I O N  AND DESCRIPTION. 

A. C e l l s  were i d e n t i f i e d  by t h e  manufacturer's s e r i a l  numbers 
which were frcm 357 t o  398, although not  consecutively.  



B. The 6.0 ampere-hour adhydrode c e l l s  are rec tangular  i n  shape 
wi th  average he igh t  (base t o  t o p  of p o s i t i v e  t e rmina l ) ,  l ength  and 
width of 3.594, 0.812 and 2.088 inches r e spec t ive ly .  
weight was 281.0 grams. The ind iv idua l  c e l l  dimensions and w e i & t  
are given i n  Table I. Figure 1 is a photograph showing t h e  Gulton 
I n d u s t r i e s ,  Inc.  6.0 ampere-hour adhydrode c e l l .  

The average 

C. The c e l l  conta iners  or cans, and t h e  c e l l  covers a r e  made Of 
s t a i n l e s s  s t e e l .  Both te rmina ls  a r e  i n s u l a t e d  from t h e  c e l l  covers 
by ceramic s e a l s  and pro t rude  through t h e  cover a s  so lder  type 
t e rmina l s .  

'D. These c e l l s ,  r a t e d  by t h e  manufacturer a t  6.0 ampere-hours, 
were suppl ied i n  a discharged (with sho r t ing  wi re )  condi t ion.  

IV. TEST PROCEDURE: AND RESULTS. 

A .  Phenolphthalein Leak Tes t .  

1. The phenolphthalein leak  t e s t  i s  a determinat ion of t h e  
condi t ion  of t h e  welds and ceramic s e a l s  on r e c e i p t  of t h e  c e l l s .  
This tes t  was performed with a phenolphthalein spray ind ica to r  
s o l u t  i on of one- h a l f  of one percent  concentrat ion.  

2 .  There were no s igns  of leakage on any of t h e  25 c e l l s  
subjec ted  t o  t h e  l eak  t e s t .  

B. Capacity Tes t .  

1. The capac i ty  t e s t  is a determinat ion of t h e  c e l l  capac i ty  
a t  t h e  c/2 d ischarge  r a t e ,  where c is t h e  manufacturer ' s  r a t e d  
capaci ty ,  t o  a cu to f f  vo l tage  of 1.00 v o l t  per  c e l l .  
was made a f t e r  a 1-hour open c i r c u i t  per iod fol lowing t h e  16-hour 
charge a t  t h e  c/10 r a t e .  
made a t  t h i s  a c t i v i t y .  
were recharged i n  s e r i e s .  

The discharge 

A t o t a l  of t h r e e  capac i ty  checks were 
The c e l l s  were discharged ind iv idua l ly ,  b u t  

2. I n  order  t o  ga the r  data  on t h e  c h a r a c t e r i s t i c s  of t h e  
pdhydrode, 5 1  ohms r e s i s t a n c e  was used between t h e  a d h y d r d e  and t h e  
negat ive t e rmina l  f o r  t h e  f i r s t  capac i ty  checkj 24 ohms was used for 
t h e  second capac i ty  checkj and an open c i r c u i t  or i n f i n i t e  r e s i s t a n c e  
was used f o r  t h e  t h i r d  capac i ty  check. 

3. Since complete capac i ty  data, inc luding  adhydrcde 
c h a r a c t e r i s t i c s  with t h e  t h r e e  r e s i s t a n c e  values ,  was not  submitted 
by t h e  manufacturer, it was not  poss ib l e  t o  compare t h e  manufacturer ' s  
r e s u l t s  with those  of t h i s  a c t i v i t y .  The in i i iv idua l  c e l l  c a p a c i t i e s  

2 
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ranged from 6.99 t o  7.41 ampere-hours f o r  an average of 7.25 ampere- 
hours.  
c h a r a c t e r i s t i c s  a r e  t abu la t ed  i n  Table 11. C h a r a c t e r i s t i c  2-hour 
r a t e  discharge curves a r e  shown i n  Figure 2. 

The c e l l  c a p a c i t i e s  together  with t h e  adhydrode vo l t age  

C. C e l l  Short Test. 

1, The c e l l  sho r t  t e s t  is a means of d e t e c t i n g  s l i g h t  
s h o r t i n g  condi t ions which may e x i s t  because of imperfections i n  t he  
i n s u l a t i n g  ma te r i a l s  or damage t o  t h e  element i n  handling or assembly. 

2 .  Following cornpletion of t h e  t h i r d  capaci ty  discharge tes t ,  
each i n d i v i d u a l  c e l l  was loaded with a r e s i s t o r  of value g iv ing  a c / l  
t o  c/5 discharge r a t e  and allowed t o  s tand 16 hours with t h e  r e s i s t o r  
a c t i n g  a s  a s h o r t i n g  device.  A t  t h e  end of 16 hours, t h e  r e s i s t o r s  
were removed and t h e  c e l l s  were placed on open c i r c u i t  s tand  f o r  24 
hours.  Any c e l l  whose vol tage d id  not recover t o  1.15 v o l t s  o r  higher  
was r e j e c t e d .  

3. The open c i r c u i t  c e l l v o l t a g e s ,  24 hours a f t e r  removal of 
t h e  s h o r t i n g  r e s i s t o r s ,  ranged from 1.16 t o  1.20 v o l t s  for an average 
of 1.20 v o l t s .  

4, 
c e l l  shor t  t es t .  The vo l t age  values f o r  the  25 accepted c e l l s  a r e  
shown i n  Table 11. 

There were no r e j e c t s  of any of the  c e l l s  subjected t o  the  

D. Immersion Sea l  Test .  

1. The immersion s e a l  t e s t  i s  a means of d e t e c t i n g  leakage of 
a s e a l  or weld. The t e s t  was performed be fo re  and a f t e r  t h e  overcharge 
t e s t  sequence t o  determine the  presence and cause of leaks .  

2 .  The c e l l s  were placed under water i n  a b e l l  j a r  conta iner .  
A vacuum of 20 inches of mercury was held f o r  3 minutes. Cel l s  
d i scha rg ing  a s teady stream of t3ubbles were considered r e j e c t s .  

3. There were no r e j e c t s  i n  t h e  25 c e l l s  subjected t o  the  
immersion s e a l  t e s t .  

E. Overcharge Test.  

1. The overcharge t e s t s  were performed t o  determine t h e  s teady 
s t a t e  vo l t age  a t  s p e c i f i c  r a t e s .  The t e s t  s p e c i f i e d  a s e r i e s  of con- 
s t a n t  c u r r e n t  charges a t  c/20, c/10 and c/5 r a t e s ,  f o r  a minimum of 
48 hours a t  each charge r a t e  or u n t i l  t h e  increase  of t h e  "on-charge" 
v o l t a g e  was less than 1 0  m i l l i v o l t s  per  day, 

. 
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2. The c e l l s  were monitored hour ly th roughou t  t h e  tes t .  
Charging was t o  be discont inued on c e l l s  which exceeded 1.50 v o l t s  
whi le  on charge. There was no need t o  remove any c e l l s  frcm t h e  
charglng sequence. 

3. The s teady s t a t e  vol tage of each c e l l  a t  t h e  end of 
each 48-hour charge rate t e s t  i s  shown i n  Table 11. 
overcharge vo l t age  curvefl a r e  shown i n  Figure 3. 

C h a r a c t e r i s t i c  

F. I n t e r n a l  Resis tance Test of t h e  Adhvdrode. 

1. This  t e s t  was performed t o  determine the  I n t e r n a l  
r e a i s t a n c e  of t h e  adhydrode. 

2. During t h e  c/10 charge rate por t ion  of t he  overcharge 
test;  the  vo l t age  drop across  t h e  5 1  ohm r e s i s t o r  connecting t h e  
adhydrode t o  t h e  negat ive t e rmina l  w a s  measured. 
was t hen  shunted with a one ohm r e s i s t o r  f o r  5 t o  10 seconds and t h e  
vo l t age  drop a c r o s s  t h e  two p a r a l l e l  r e s i s t o r s  (0.908 ohms) was 
measured. The i n t e r n a l  r e s i s t a n c e  of t h e  adhydrode i n  ohms was 
ca lcu la t ed  according t o  t h e  following formula : 

The 51 ohm r e s i s t o r  

where V1 = vo l t age  drop i n  v o l t s  across  t h e  5 1  ohm r e s i s t o r  
V2 = vo l t age  drop i n  v o l t s  across  t h e  0.908 ohm r e s i s t o r  
I1 = current  flow i n  amperes through t h e  5 1  ohm r e s i s t o r  
I 2  = curren t  flow i n  amperes through t h e  0.908 ohm r e s i s t o r  

3. The i n t e r n a l  r e s i s t a n c e  value f o r  t h e  adhydrcde of each 
c e l l  i s  shown i n  Table 111. The values range from 7.65 ohms t o  
12.90 ohms. 

G. I n t e r n a l  Resistance T e s t  of the  Cel l .  

1. This tes t  was performed t o  determine t h e  i n t e r n a l  
r e s i s t a n c e  of t he  c e l l .  

2 .  A t  t h e  canplet ion of t h e  overcharge tes t ,  t h e  c e l l s  were 
r e tu rned  t o  t h e  c/20 charging r a t e  and given a shor t  pu l se  (5-10 seconds) 
a t  t h e  r a t e  of c i n  amperes. 
p r i o r  t o t h e  pulse ;  and W, 5 mil l iseconds a f t e r  t h e  pulse ,  were r ead  
on a s u i t a b l e  recording instrument.  
recorder  (28.8 inches of t a p e  p e r  second) was used. 
resistance of t h e  c e l l  In ohms was c a l c u l a t e d  according t o  t h e  
following formula: 

The c e l l  vo l t ages ,  V1, immediately 

A CEC high speed osc i l l og raph  
The i n t e r n a l  

4 
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v2 - VI 
*Z-7JZ R -  

VI and ~2 a r e  i n  vo l t s ,  IC and 1c/20 a r e  i n  amperes. 

3. The i n t e r n a l  r e s i s t ance  value f o r  each cell is shown i n  
Table 111. The values range f rm 1.75 milliohms t o  3.51 milliohms. 
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Cell 
Number 

357 

361 

36 3 

364 

36 5 

366 

367 

368 

372 

373 

374 

375 

376 

377 

379 

381 

3@ 

384 

38 5 

387 

388 

390 

3!)1 

394 

398 

TABLE: I 

Gultm 6.0 Ampere Hour Cells 

Height Length Width 
(Inches) (Inches ) (Inches ) 

3.575 

3. Goo 

3.593 

3.590 

3.600 

3.603 

3.588 

3.611 

3.596 

3.5% 

3.612 

3.501 

3.608 

3.610 

3.580 

3.604 

3.587 

3.600 

3.56 

3.581, 

3.588 

3.586 

3.5m 

3 . 5 9  

3.576 

0.810 

0.812 

0.812 

0.812 

0.812 

0.810 

9.811 

0.812 

0.812 

0.812 

0.813 

0.811 

0.815 

5.812 

0.610 

0.811 

0.812 

0.810 

0.812 

9.812 

0.812 

0.812 

0.812 

0.812 

0.812 

6 

2.088 

2.088 

2.090 

2.086 

2.088 

2 -087 

2.087 

2.087 

2.08-( 

2.088 

2.088 

2.032 

2.089 

2.08'7 

2.052 

2.090 

2.085 

2.086 

2.090 

2.089 

2.090 

P.'3/0 

2.085 

2.088 

2.092 

Weight 
(Grams ) 

278 9 

279 - 7 
283.5 

278.8 

280.2 

277.2 

277. 6 

279.9 

280.0 

283.2 

282.6 

279.4 

284.2 

283.2 

282.0 

281.9 

280.5 

284.3 

279 -6 

279- 9 

283.8 

282.8 

280.5 

281.5 

279.9 
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Cel l  
Number 

357 

361 

363 

364 

365 

366 

367 

368 

372 

373 

374 

375 

3 

377 

379 

381 

382 

384 

385 

387 

388 

390 

391 

394 

398 

Auxiliary 
Electrode 

Reaistance 
(ohma 1 
7.65 

10.88 

10.44 

11.54 

10.52 

12.38 

10.76 

12.47 

12.38 

12.46 

8.04 

11.12 

9.43 

11.46 

9.23 

11.11 

9.91 

10.33 

11.64 

11.22 

9.22 

8.90 

11.58 

l2.90 

12.42 

Ce 11 
Resistance 
( M i  1l.iohms ) 

1-75 

8 
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FIGURE: 1 
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